(19) 



J 



(12) 



Europdisches Patentamt 
European Patent Office 
Office europ6en des brevets (1 1 ) EP 0 599 640 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
26.08.1998 Bulletin 1998/35 

(21) Application number: 93309389.0 

(22) Date of filing: 24.11 .1993 



(51) int a^: A61B 17/58 



(54) Osteosynthesis plate system 

Knochenplattensystem 

Systeme de plaques pour ost6osynthese 



(84) Designated Contracting States: 
BE CH DE ES FR GB IT LI NL SE 

(30) Priority: 25.11.1992 US 981281 

(43) Date ot publication of application: 
01.06.1994 Bulletin 1994/22 

(73) Proprietor: 

CODMAN & SHURTLEFF INC. 
Randolph Massachusetts 02368 (US) 

(72) Inventors: 

• Yapp, Ronald A. 
Phoenix, AZ 8501 3 (US) 

• Worrick III, Charles B. 
Hanson, MA 02341 (US) 



CO 
o 

CD 

o> 

O) 

in 
o 

Q. 
LU 



(74) Representative: 

Fisher, Adrian John et al 
CARPMAELS & RANSFORD 
43 Bloomsbury Square 
London WC1A2RA (GB) 



(56) References cited: 
EP-A- 0 201 024 
WO-A-92/11819 



EP-A- 0 242 842 
FR-A- 2 435 243 



SOVIET INVENTIONS ILLUSTRATED 24 October 
1966 Derwent Publications Ltd., London, GB; AN 
844694/31-16 & SU-A-186 085 (LLTSIPORKIN) 12 
September 1966 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

Prinieo by Xerox (UK) Business Services 
2.l6.3-'3.4 



1 



EP 0 599 640 B1 



2 



Description 

Background of tlie Invention 

This invention relates to osteosynthesis plates, and 
more particularly to such plates useful to immobilize 
adjacent vertebral bodies. 

Proper healing of injured or damaged skeletal parts 
requires immobilization of the injured skeletal segments 
to ensure the proper growth of new osseous tissue 
between the segments. Insufficient immobilization can 
compromise the healing process and may result in fur- 
ther complications or injury. 

Osteosynthesis plates have been used to immobi- 
lize adjacent skeletal parts such as bones. Typically, a 
rigid plate is positioned to span bones or bone seg- 
ments that must be immobilized with respect to one 
another. The plate is fastened to the bone, for example 
with bone screws, so that the plate remains in contact 
with the bone and that the bones or bone segments are 
immobilized. 

Such plates have been used to Immobilize a variety 
of bones, and have recently been adapted for use in fus- 
ing and immobilizing adjacent vertebral bodies. The 
morphology of spinal bone presents unique challenges 
to the design of effective osteosynthesis plates for fus- 
ing vertebral bodies. 

EP-A-0201024 which forms the basis for the pre- 
amble of claim 1 discloses a bone plate with a plurality 
of bone screw holes and a locking plate which is 
secured over the screws once they are positioned in the 
screw holes, 

FR-A-2435243 discloses a bone plate which has a 
number of bone-penetrating projections on the plate's 
bone contacting surface to improve the immobility of the 
plate. 

Among the challenges involved in fusing vertebral 
bodies is the effective installation of a plate that will 
resist migration despite the rotational and translational 
forces it faces. For a plate to work effectively in such an 
environment, screws must be properly positioned and 
anchored within the bone. Several known plate designs 
use elongate, slotted openings for screw placement in 
the plate. While useful in providing freedom of position- 
ing screws, this contributes to the potential for slippage 
between the plate and screw head along the longitudi- 
nal axis of the plate. Such plates have also been 
designed to conform to the shape of vertebral bodies 
which they contact. 

Despite the existence of osteosynthesis plate sys- 
tems adapted for use in fusing vertebral bodies, there 
remains a need for an osteosynthesis plate system that 
is able to be securely Installed between adjacent bones 
or bone segments, particularly vertebral bodies. 

It is thus an object of the invention to provide an 
osteosynthesis plate system which maximizes immobili- 
zation of adjacent bones or bone segments. Another 
object is to provide such a system adapted for use In 



fusing adjacent vertebra! bodies. A further object is to 
provide an osteosynthesis plate system for placement 
on the anterior surface of vertebral bodies to immobilize 
two or more adjacent vertebrae. It is also an object to 

5 provide an osteosynthesis plate system for placement 
on the posterior surface of vertebral bodies to immobi- 
lize two or more adjacent vertebrae. Another object is to 
provide such plate systems able to be more securely 
affixed to bone. Other objects will be apparent upon 

70 review of the disclosure that follows. 

Summary of the Invention 

The present invention provides an osteosynthesis 

15 plate system that effectively immobilizes adjacent 
bones or bone segments, and which has improved plate 
rigidity and securement to bone. The plate system of the 
present invention is well adapted for use In fusing adja- 
cent vertebral bodies, particularly vertebrae in the cervi- 

20 cal spine. 

The plate system of the present invention is defined 
In the claims and comprises a rigid, elongate plate 
member which is adapted to bridge or immobilize adja- 
cent bones or bone segments. 

25 In one aspect of the invention the osteosynthesis 
plate system is adapted to mount on the anterior sur- 
face of vertebral bodies to bridge and Immobilize two or 
more adjacent vertebral bodies. The plate system com- 
prises an elongate plate member having a plurality of 

30 substantially circular screw holes that extend through 
the member. Each screw hole has a substantially spher- 
ical seat that is adapted to seat bone screws having a 
spherical head to allow infinite degrees of freedom in 
the angular orientation of the screw. The bone contact- 

35 ing surface of the plate includes a number of bone pen- 
etrating projections that are adapted to penetrate the 
bone as a result of compression forces induced by fixing 
the plate to the bone with bone screws. Preferably, the 
flat regions of the plate lie flush against the bone when 

40 the plate is properly installed. 

The plate system also Includes a locking mecha- 
nism that is integral with the plate member and adjacent 
one or more of the screw holes. The locking mechanism 
functions to secure the bone screw to the plate member 

45 to inhibit axial and rotational movement of the bone 
screws seated within the screw holes and anchored in 
bone. The locking mechanism may comprise a rotatable 
cam mounted in the member adjacent one or more of 
the screw holes. The cam preferably has a ovoid shape 

50 and Is rotatable so as to engage a surface of a screw 
head seated in a screw hole adjacent to the cam such 
that axial and rotational movement of the screw is inhib- 
ited. Alternatively, the locking mechanism may comprise 
a deflectable arm that forms a portion of a screw hole 

55 seat, and a cam mounted In the member adjacent the 
deflectable arm. The cam Is rotatable such that upon 
rotation it imparts a force to the deflectable arm causing 
the arm to exert a radial force on the screw head to 
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inhibit rotational and axial movement to the screw. 

In another embodiment the plate system of the 
invention is specially adapted to be mounted upon the 
posterior surface of two or more vertebral bodies, partic- 
ularly in the cervical spine. The plate member has one s 
surface which contacts the bone, and another surface 
which faces away from the bone. Disposed within the 
plate are at least two. spaced apart screw holes having 
substantially spherical countersinks, each of which is 
adapted to receive a bone screw. Preferably, the screw io 
holes are aligned with each other about the longitudinal 
axis of the plate member. In a preferred embodiment the 
screw holes are oriented at desired angles with respect 
to the longitudinal and transverse axes of the plate 
member to ensure proper positioning of the bone screw 75 
within the hole, and thus the proper angular trajectory o1 
the screw into the bone. The bone contacting surface of 
the plate member includes a plurality of projections, 
each of which is adapted to penetrate the cortical layer 
of bone to improve the bone/plate interface. Compres- 20 
sion forces which result from the use of screws in fixing 
the plate to the bone will cause the projections to pene- 
trate the bone such that flat areas of the bone contact- 
ing surface are substantially flush with the bone. 

25 

Brief Description of the Drawings 

Figure 1 illustrates an anterior osteosynthesis plate 
of the present invention affixed to the anterior surface of 
the cervical spine. 30 

Figure 2 is a view of the bone contacting surface of 
the anterior plate of Figure 1 . 

Figure 3 is a view of the non-bone contacting sur- 
face of the anterior plate of Figure 1 . 

Figure 4 is a longitudinal sectional view along lines 35 
B-B of the plate shown in Figure 3. 

Figure 4A is a detail view of a portion of the plate 
shown in Figure 4. 

Figure 5 is a transverse sectional view, along lines 
D-D of the plate shown in Figure 3. 40 

Figure 6A is a view of a screw locking mechanism 
useful with the anterior plate of the present invention, in 
an unlocked position. 

Figure 6B is a view of a screw locking mechanism 
useful with the anterior plate of the present invention, in 45 
a locked position. 

Figure 7A is a view of another embodiment of a 
screw locking mechanism useful with the plate of the 
present invention, in an unlocked position. 

Figure 7B is a view of another embodiment of a 50 
screw locking mechanism useful with the plate of the 
present invention, in a locked position. 

Figure 8 illustrates a pair of posterior osteosynthe- 
sis plates of the present invention affixed to the poste- 
rior surface of the cervical spine. 55 

Figure 9 illustrates the bone contacting surface of a 
posterior osteosynthesis plate of the present invention. 

Figure 1 0A is a side view of the plate of Figure 9. 
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Figure 1 0B is a view of the non-bone contacting 
surface of the plate of Figure 10A. 

Figure 1 1 is a detailed view of area B of Figure 10A. 

Figure 12 is a sectional view along lines A-A of the 
plate illustrated in Figure 10A. , 

Figure 13A is a side view of a posterior osteosyn- 
thesis plate of the present invention adapted for use at 
cervical vertebrae 2 and below. * 

Figure 138 is a view of the non-bone contacting 
surface of the plate of Figure 13 A. 

Figure 14 is a sectional view along lines B-B of the 
plate of Figure 13 A. 

Figure 15 is a view of the non-bone contacting sur- 
face of an alternative embodiment of a posterior plate. 

15B is a side view of the plate illustrated in Figure 

ISA. 

Detailed Description of the Invention 

The osteosynthesis plates of the invention are use- 
ful for fixing and immobilizing adjacent bones and/or 
bone segments. The plates are best adapted for use in 
fusing adjacent vertebrae, particularly the cervical ver- 
tebrae. The plates are adapted to mount either on the 
anterior or posterior surface of the vertebrae, preferably 
secured to the vertebrae by bone screws. The plates 
are intended to immobilize the adjacent skeletal seg- 
ments to promote healing. As a result of such immobili- 
zation new osseous tissue will grow between the 
adjacent segments, resulting in fusing of the segments. 

Figure 1 illustrates an osteosynthesis plate system 1 
10 adapted to be affixed to the anterior surface of the 
cervical spine. The system 10 comprises an anterior 
osteosynthesis plate 12 having positioned therein a 
number of bone screws 14 that extend through screw 
holes 19, 20 in the plate to allow the screws 14 to com- 
press the plate against the bone when anchored in 
bone. The bone screws 14 may be secured in the plate 
1 2 by a locking mechanism 1 5 that inhibits rotational or 
axial movement of the screw. As illustrated, a locking* 
mechanism 15 preferably is adjacent each screw hole 
19, 20 to secure the screw 14 to plate 12. 

Figures 2 through 5 further illustrate the osteosyn- 
thesis plate system 10 of the invention. As illustrated in 
Figure 2, the plate 12 has a textured bone-contacting 
surface 18 that features a plurality of bone penetrating 
projections 26. The bone penetrating projections 26 
preferably comprise parallel, spaced rows of short pro- 
trusions having a triangular or tooth-like shape. The pro- 
jections 26 are disposed in substantially evenly spaced 
rows 27 along the long dimension of the plate, with each 
row preferably extending parallel to the transverse axis 
23 of the plate. 

As illustrated in Figures 4 and 4 A the projections 26 
are substantially triangular or tooth-shaped objects hav- 
ing acute angles of approximately 60 and 30°. A base 
28 is formed by the surface 18 of the plate and a hypot- 
enuse 30 slopes upwardly toward the thickness (or Z) 
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axis midline 32 of plate 18. Preferably the short leg 34 is 
approximately 0.5mm in height. The projections prefer- 
ably are oriented with the cutting edges 29 facing 
toward the thickness axis midline 32 of the plate. 

The non-bone contacting surface 36 of plate 12. as 
shown in Figure 3. includes a plurality of screw holes 19. 
20 that extend through the plate and which are adapted 
to seat bone screws. Preferably a locking mechanism 
15 is disposed adjacent each screw hole 19, 20. The 
locking mechanism 15 may comprise a rotatable cam 
member 24 permanently housed in an aperture 22. The 
screw holes 19, 20, as illustrated, preferably are sub- 
stantially circular in shape so as to provide fixed position 
holes for the placement of screws. The screw holes fur- 
ther have spherical seats, which correspond to a spher- 
ical head on the screw, to permit better seating of the 
screw within the screw hole and infinite angular degrees 
of freedom in orientation ■ of the screw. The circular 
screw holes 19, 20 are advantageous as the plates are 
less prone to longitudinal movement relative to the 
screws, as sometimes occurs with slot-like or elongate 
screw holes. 

As noted above, the plate system 10 of the inven- 
tion comprises a locking mechanism 15 that inhibits 
axial and rotational movement of bone screws 14 once 
the plate is affixed to vertebral bodies. Figures 6A and 
6B illustrate one embodiment of the locking mechanism 
15 in which a rotatable cam member 24 is permanently 
housed in an aperture 22 adjacent screw hole 20. With 
the cam in the unlocked position, as illustrated in Figure 
6A. a screw (not shown) can be inserted into screw hole 
20 for anchoring within the bone. Once the screw is fully 
inserted, cam 24 is then rotated approximately 90°, as 
shown in Figure 6B, such that its surface impinges upon 
a screw inserted in screw hole 20, thus inhibiting rota- 
tional and/or axial movement of the screw. Such a lock- 
ing system integral with the osteosynthesis plate is 
advantageous in that it does not require a surgeon to 
manipulate small mechanical parts that must be 
inserted on the plate for locking. Rather, a permanently 
installed cam is simply rotated to a locked position to 
engage the screw. 

Figures 7A and 7B illustrate a locking mechanism 
35 which forms another embodiment of the invention. 
The locking mechanism comprises screw hole 20 
adapted to receive a bone screw (not shown) and a 
rotatable cam 42 permanently housed in aperture 40. A 
portion 37 of the wall of screw hole 20 forms a deflecta- 
ble arm 44. Adjacent arm 44 is an arcuate slot 38 that 
connects with aperture 40. 

As shown in Figure 7A. the locking mechanism 35 
is in the unlocked position. In this position a screw may 
be inserted into the screw hole 20 and affixed to bone. 
Once fully affixed, cam 42 is rotated approximately 90° 
to a locked position, as shown in Figure 7B, thereby 
exerting a force on deflectable arm 44. The force 
exerted by cam 42 on arm 44 causes the arm 44 to 
impinge upon a screw head 46 mounted in screw hole 



20 to inhibit axial and rotational movement of the screw. 

As noted, cam members 24. 42 preferably are per- 
manently installed on the plate. This can be accom- 
plished in a variety of ways readily understood by one 

£ having ordinary skill in the art. For example, the cam 
can have a stem with a tubular rivet at one end enabling 
the cam to be staked onto the plate. 

The plate 12 preferably is constructed so as to con- 
form to the shape of the anterior surfaces of the verte- 

10 brae that it will be mounted upon. Ideally, upon 
compression of the plate to the bone through the action 
of bone screws, the bone penetrating projections 26 will 
become embedded within the cortical layer of bone and 
the bone contacting surface 18 will be substantially 

15 flush against a major portion of the bone segments. The 
penetration of projections 26 within bone is beneficial in 
that it affords a more secure fit of the plate to the bone. 
Moreover, it is believed that the contact of projections 26 
with the periosteum may provide sufficient antagonism 

20 to evoke a healing response, which may enhance the 
formation of the solid fusion mass. 

As illustrated in Figures 4 and 5, the plate 12 is 
curved along both its longitudinal and transverse axes 
such that the bone contacting surface 18 is concave. 

25 This configuration of the plate 12 is advantageous to 
enable the plate to conform to the shape of the verte- 
brae. In a preferred embodiment, the length of the plate 
12 along the longitudinal axis preferably results from 
extending an arc from a minimum of about 7° to a max- 

30 Imum of 25° along a 203mm (8.0 inch) radius. The width 
of the plate along the transverse axis preferably results 
form extending an arc of approximately 52° along a 
1 9mm (0.75 inch) radius. 

Plate 12 is intended to be positioned with its longi- 

55 tudinal axis 31 colinear with the spinal midline, and to be 
mounted on the anterior surface of the vertebral bodies. 
Ideally, the longitudinal length of the plate will be suffi- 
cient to completely cover the anterior surface of the ver- 
tebral bodies from the top front edge of the most 

40 cephalad body to the lower front edge of the most cau- 
dal body. The length of the plate as well as the number 
of screw holes in the plate will, of course, vary depend- 
ing upon the number of vertebral bodies to be fused. 
The plate illustrated in Figures 1 through 3 is intended to 

45 Span three vertebral bodies and includes three pairs of 
adjacent, longitudinally spaced screw holes in which 
each member of the pair is disposed on one side of the 
longitudinal midline of the plate 12. Further, the plate 
preferably includes two screw holes 19A. 19B disposed 

50 on the longitudinal midline of the plate and on opposite 
sides of the transverse midline of the plate. Holes 19A, 
19B are intended for use in securing optional bone graft 
pieces placed between adjacent vertebral bodies. 
While the plate 12, illustrated and described above. 

55 is adapted to span three vertebral bodies, plates may be 
designed to span anywhere from two to four vertebral 
bodies. The dimensions of plates intended to span a 
greater number of vertebral bodies as well as the 
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number of screw holes to be placed in such plates will 
be readily understood by one having ordinary skill in the 
art. For example, a plate intended to secure two verte- 
bral bodies can have a length of about 24 to 36 mm with 
four bone screw holes and one graft screw hole. Simi- 5 
larly, a plate intended to secure three vertebral bodies 
can have a length of about 38 to 54 mm with 6 bone 
screw hoes and two graft holes. 

FIGURE 8 illustrates a pair of osteosynthesis plates 
100. affixed to the posterior surfaces of and fusing the to 
C3, C4 and C5 cervical vertebrae. As illustrated, the 
osteosynthesis plates 100 intended for mounting on the 
posterior surface of vertebral bodies are designed to be 
used in pairs, mounted on the lateral masses of the ver- 
tebrae on either side of the spinous process 101. The is 
longitudinal axes of plates 100 are substantially parallel 
to the spina! midline, ideally the plates* longitudinal 
length will be sufficient to completely cover the surface 
of the lateral mass and facets, from the superior edge of 
the most cephalad body to the inferior edge of the most 20 
caudal body. Each plate 100 has a plurality of screw 
holes 102, each adapted to receive a bone screw 104, 
which is adapted to be affixed within the lateral mass of 
one vertebral body to be joined. The screw holes 102 
preferably are aligned along the longitudinal axis of the 2S 
plate 100. 

The bone-contacting surface 106 of the posterior 
plate 100. as illustrated in FIGURES 9-11. features a 
textured surface. The surface 106 has a plurality of par- 
allel, spaced rows of short protrusions 1 08 which are tri- 30 
angular or tooth-like in shape. The tooth-like rows 
preferably begin on opposite ends of the long dimension 
of the plate 1 00 and recur in spaced intervals toward the 
center of the plate. The protrusions 108 are oriented 
with their cutting edges 109 facing toward the thickness 35 
(or 2) axis midline 1 1 1 of the plate 100. As illustrated in 
FIGURES 10A and 11, each protrusion 108 is shaped 
substantially as a right triangle having a base 1 10 corre- 
sponding to the bone-contacting surface 106 and a 
hypotenuse which extends upwardly toward the thick- 40 
niess axis midline 111 of the plate 100. The short leg 
114 has a height of approximately 0.5 mm and faces 
toward the thickness axis midline 1 1 1 of the plate 100. 

Protrusions 108 are designed to penetrate the cor- 
tical layer of the vertebral bodies upon a compressive 45 
force induced by the bone screws 104 when anchored 
to bone. When a plate 100 is installed, the embedded 
teeth provide a foothold to better enable the plate to 
resist migration during translation and rotation. Moreo- 
ver, the bone-contacting surface 1 06 should lie substan- so 
tialty flush with the vertebral body when the plates 100 
are installed and protrusions 108 are embedded in 
bone. 

Screw holes 102, as illustrated in FIGURES 9 and 
1 0. are substantially circular in shape and preferably are 55 
slots with hemicircular ends. Screw holes 102 have 
spherical countersinks to prevent translation of the bod- 
ies through plate slippage. The holes 102. as noted 
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above, are aligned in the longitudinal axis of the plate. 
Screw holes 102 may be of other shapes as well, includ- 
ing ovoid and elliptical. 

Referring to Figures 8 and 10A through 13B, the 
plate 100 has a lateral side 118 andia medial side 120. 
Each screw hole 102 preferably has a substantially 
wedge-shaped transverse cross section. The wedge 
shape of the screw holes 102 can be achieved by eacrf 
hole 102 being formed in a wedge-like protrusion 122 
integrally formed on the dorsal (non-bone contacting) 
surface 124 of plate 100. For screw holes adapted to 
seat a bone screw to be anchored at the C3 to C7 verte- 
brae, the wedge-like protrusion 122 has a raised portion 
126 on the lateral side 1 18 of the plate which tapers to 
the medial side 120 of the plate. The screw holes 102 
are formed angularly in the wedge-like protrusion 122 
such that screws may be seated in the vertebral bodies 
at an optimal angle. 

The plates 100 illustrated in Figures 10A, lOB, and 
12 are intended for mounting upon cervical vertebrae 3 
through 7. The screw holes 102 formed in such plates 
preferably should have a cephalad angle of orientation 
of approximately 15". Similarly, the wedge shaped pro- 
trusion 122 enables screw holes 102 to be formed at a 
lateral angle of about 20"*. Accordingly, bone screws 
intended to be anchored in the C3 to C7 vertebrae will 
preferably enter the vertebral body projecting in the 
cephalad direction at an angle of about 15° relative to 
the thickness axis 142 of each hole. The screw also 
projects in the lateral direction at an angle of 20° relative 
to the thickness axis 142 of each hole. 

Figures 13A, 138 and 14 Illustrate a plate having 
one screw hole 116 specially adapted to seat a screw 
intended to be anchored in the C2 vertebra. Screw holes 
128, 130, and 132 are constructed as described above 
and are intended to seat screws to be anchored in the 
C3, C4 and C5 vertebrae, respectively. 

Due to the morphology of the C2 vertebra, a bone 
screw should be directed into this vertebral body at a 
medial and cephalad angle, rather than at a lateral and 
cephalad angle. Accordingly, the wedge-like protrusion 
134 within which hole 116 can be formed having a 
raised medial side 136 and a raised cephalad side 138. 
The- geometry of hole 116 enables a bone screw to 
project into the lateral mass of the Cg vertebra in the 
cephalad direction at an angle of about 25° relative to 
the thickness axis 142 of each hole. The plate also 
projects in the medial direction at an angle of about 10° 
relative to the thickness axis 142 of each hole. 

Figures lOA, 12, 13A and 14 illustrate the desired 
curved geometry of the bone contacting surface 106 of 
the plate 100 that maximizes the ability of the plate to 
conform to the shape of the posterior surfaces of the 
cervical vertebrae. Preferably, the plate 100 is curved 
about its longitudinal axis such that the bone contacting 
surface is convex, and about its transverse axis such 
that bone contacting surface 106 is concave. In a pre- 
ferred embodiment the longitudinal curve of plate 100 is 
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along an arc of about a 165 mm radius. The plate pref- 
erably has a transverse curve along an arc of a 22 mm 
radius. One skilled in the art will readily appreciate that 
the curve of the plate in both the longitudinal and trans- 
verse axis may be modified to improve its conformity to 5 
the shape of the vertebrae bodies. 

FIGURES ISA and 15B illustrate an alternative 
embodiment of plate 100, having a thicker profile. The 
plate 100 illustrated in FIGURES ISA and B has a thick- 
ened, or raised lateral side 140, which replaces the indi- 10 
vidual wedge-like protrusions surrounding each screw 
hole 102 as in FIGURES 8 through 14. 

Plate 100 illustrated herein has four screw holes 
and is adapted to fuse four vertebrae. Plates can be 
designed with a greater or lesser number of screw holes is 
to fuse more or less vertebral bodies. Typically, plates 
can have between about two and five screw holes each 
for fusing from two and up to five vertebrae. 

One of ordinary skill in the art will appreciate that 
the plates 12. 100 of the invention can be made of a 20 
variety to high strength, biologically compatible materi- 
als that preferably are compatible with MRI techniques. 
Useful materials include polymers, stainless steel, tita- 
nium and titanium alloys. A currently preferred material 
is a titanium-aluminum alloy having 90% titanium and 25 
6% aluminum, and 4% vanadium. 

Various modifications may be made to the plate 
system of the invention without exceeding the intended 
scope of the claims. For example, the bone penetrating 
projections may assume a different geometry and may so 
be oriented so as to be parallel with the longitudinal axis 
of the plates. 

Claims 

35 

1 . An osteosynthesis plate system (1 0), comprising: 

a rigid, elongate plate member (12, 100) 
adapted to bridge and immobilize adjacent 
bones or bone segments by anchoring the 40 
plate member (12, 100) to the bones using one 
or more bone screws (14. 104), the member 
(12, 100) having a first, bone contacting sur- 
face (18, 106) and a second, non-bone con- 
tacting surface (36, 124); 45 
a plurality of substantially circular screw holes 
(19, 20. 102) extending through the member 
(12, 100), each having substantially spherical 
seats and being adapted to seat bone screws 
(14.104); so 
a plurality of bone screws (14, 104), each hav- 
ing a threaded end opposite a substantially 
spherical head, each bone screw (14, 104) 
adapted to fit within a screw hole (19. 20, 102) 
to anchor the member (12, 100) to bone; ss 
locking means (15) adjacent one or more 
screw holes (19, 20, 102) for securing the bone 
screw (14,104) to the member (12.100) to 



inhibit axial and rotational movement of the 
bone screvi^ (14, 104) seated within the screw 
holes (19, 20, 102) and engaging bone, char- 
acterised in that 

the locking means (15) are integral with the 
plate member (12,100) and have an upper sur- 
face coplanar with the non-bone contacting 
surface (36, 124) of the plate member (12, 
100); and 

a plurality of bone-penetrating projections (26, 
108) are disposed on the first surface (18, 106) 
of the member (12. 100). 

2. The plate system (10) of claim 1 wherein the mem- 
ber (12, 100) is adapted for placement on the ante- 
rior surfaces of vertebral bodies such that the 
member (12, 100) spans at least two adjacent ver- 
tebral bodies, the member (12. 100) extending from 
the top anterior edge of the most cephalad verte- 
bral body to be fused to the lower anterior edge of 
the most caudal vertebral body to be fused. 

3. The plate system (10) of claim 2 wherein the mem- 
ber (12, 100) is adapted to fuse from between two 
and five cervical vertebrae. 

4. The plate system (10) of claim 1 wherein the first 
surface (18, 106) is curved in both the transverse 
and longitudinal axes to form a concave bone con- 
tracting surface. 

5. The plate system ( 1 0) of claim 4 wherein the length 
of the plate member (12, 100) along the longitudinal 
axis thereof results from extending an arc of about 
7** to 25° along a 203mm (8.0 inch) radius. 

6. The plate system (10) of claim 1 wherein the bone 
penetrating projections (26, 108) are formed of dis- 
continuous structures, each extending transverse 
to the longitudinal axis of the member (12, 100). 

7. The plate system (10) of claim 6 wherein each 
structure has a substantially triangular transverse 
cross section. 

8. The plate system (10) of claim 7 wherein a cutting 
edge (29, 109) of each structure faces toward the 
thickness axis midline (32, 111) of the member (12, 
100). 

9. The plate system (10) of claim 1 wherein the lock- 
ing means (15) comprises a cam (24) permanently 
mounted in the member (12. 100) adjacent one or 
more screw holes (19. 20, 102), the cam having a 
substantially ovoid shape and being rotatable to 
engage a surface of a screw head seated in a screw 
hole (19, 20, 102) adjacent the cam (24) such that 
axial and rotational movement of the screw (14. 
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104) is inhibited. 

10. The plate system (10) of claim 1 wherein the lock- 
ing means (15, 35) comprises: 

j: 

a deflectable arm (44) forming a portion of a 
screw hole seat, and 

a cam (42) mounted in the member (12. 100) 
adjacent the deflectable arm (44), the cam (42) 
having a substantially ovoid shape and being io 2. 
rotatable such that the cam (42) engages the 
arm (44) and exerts a deflecting force upon the 
arm (44) which in turn applies a radial force to 
the screw head to inhibit rotational and axial 
movement of the screw (14, 104). 75 

Patentanspruche 

1. Osteosynthese-Plattensystem (10) mit: 

20 

einem starren, langgestreckten Plattenelement 3. 
(12, 100), welches zum Uberbrucken und 
Immobilisieren benachbarter Knochen oder 
Knochensegmente durch Verankerung des 
Plattenelementes (12, 100) unter Verwendung 25 4. 
einer oder mehrerer Knochenschrauben (14, 
104) geeignet ist, wobei das Element (12, 100) 
eine erste, den Knochen beruhrende FlSche 
(18, 106) und eine zweite, den Knochen nicht 
beruhrende Fl&che (36, 124) aufweist; 30 

5. 

einer Vielzahl im wesentlichen runder Schrau- 
benlCcher (19, 20. 102), die sich durch das Ele- 
ment (12, 100) erstrecken, deren jedes eine im 
wesentlichen kugelige Pa3f!ache hat, die zum 35 
Einpassen von Knochenschrauben (14, 104) 
geeignet ist; 6. 

einer Vielzahl von Knochenschrauben (14, 
104). deren jede entgegengesetzt zum im 4d 
wesentlichen kugeligen Kopf ein mit Gewlnde 
versehenes Ende aufweist, wobei jede Kno- 
chenschraube (14, 104) zum Einpassen in das 7. 
Schraubenloch (19, 20, 102) ausgebildet ist, 
um das Element (12, 100) im Knochen zu ver- 45 
ankern; 

8. 

Sicherungselementen (15) in der NShe eines 
Oder mehrerer Schraubenlocher (19, 20, 102) 
zur Sicherung der Knochenschrauben (14, so 
104) am Element (12, 100), um axiale sowie 
Drehbewegungen der in die Schraubenlocher 9. 
(19, 20, 102) eingepaBten und in den Knochen 
eingreifenden Knochenschrauben (14, 104) zu 
verhindern, dadurch gekennzeichnet. daf3 55 

die Sicherungselemente (15) in das Plattenele- 
ment (12, 100) integriert sind und eine mit der 



den Knochen nicht beruhrenden FlSche (36, 
124) des Plattenelementes (12, 100) koplanare 
Oberseite haben und 

eine Vielzahl in den Knochen eindringender 
Vorsprunge (26, 108) auf der ersten RSche 
(18, 106) des Elementes (12, 100) angeordnet 
ist. ' 

Piatt ensystem (10) nach Anspruch 1. bel welchem 
das Element (12. 100) zur Anbringung auf den 
Anteriorfl&chen von Wirbelknochen ausgebildet ist, 
derart, da3 das Element (12. 100) uber mindestens 
zwei benachbarte Wirbelknochen reicht und sich 
von der oberen Anteriorkante des dem Gehirn am 
nSchsten liegenden, zu sichernden Wirbelkno- 
chens bis zur unteren Anteriorkante des dem SteiB 
am nachsten liegenden, zu sichernden Wirbelkno- 
chens erstreckt. 

Plattensystem (10) nach Anspruch 2, bei welchem 
das Element (12. 100) zur Sicherung von zwei bis 
funf RCickenwirbelknochen ausgebildet ist. 

Plattensystem (10) nach Anspruch 1. bei welchem 
die erste FlSche (18, 106) sowohl um die Quer- als 
auch um die LSngsachse gekrummt ist. um eine 
konkave, den Knochen beruhrende Fl&che zu bil- 
den. 

Plattensystem (10) nach Anspruch 4, bei welchem , 
sich die Lange des Plattenelementes (12, 100) in 
seiner Langsachse aus einem Bogen von etwa 7° 
bis 25° entlang eines Radius von 203 mm (8,0 Zoll) 
ergibt. 

Plattensystem (10) nach Anspruch 1, bei welchem 
die in den Knochen eindringenden Vorsprunge (26, 
108) aus diskontinuierlichen Strukturen gebildet 
werden, die sich quer zur Langsachse des Elemen- 
tes (12, 100) erstrecken. 

Plattensystem (10) nach Anspruch 6. bei welchem 
jede Struktur im wesentlichen dreieckigen Quer- 
schnitt hat. 

Plattensystem (10) nach Anspruch 7, bel welchem 
eine Schneidkante (29. 109) einer jeden Struktur 
zur Dickenachsen-Mitteltinie (32, 1 1 1) des Elemen- 
tes (12, 100) hin gerichtet ist. 

Plattensystem (10) nach Anspruch 1, bei welchem 
das Sicherungselement (15) aus einem angren- 
zend an ein oder mehrere Schraubenloch (Schrau- 
benlocher) (19, 20, 102) dauerhaft angebrachten 
Nocken (24) besteht. wobei der Nocken (24) im 
wesentlichen Eiform aufweist und drehbar ist. um 
sich an die OberflSche eines in einem an den Nok- 



7 



13 



EP 0 599 640 B1 



14 



ken (24) angrenzenden Schraubenloch (19. 20. 
102) eingepaBten Schraubenkopfes derart anzule- 
gen, daB eine Axial- und Drehbewegung der 
Schraube (14. 104) verhindert wird. 

10. Plattensystem (10) nach Anspruch 1. bei welchem 
das Sicherungselement (15. 35) umfaBt: 

einen auslenkbaren Arm (44). der einen Teil 
der Schraubenloch-Pa3fiache bildet und io 

einen benachbart zum auslenkbaren Arm (44) 
an dem Element (12, 100) angebrachten Nok- 
ken (42), wobei der Nocken (42) im wesentli- 
chen Eiform aufweist und derart drehbar ist, 75 
da(3 derselbe an dem Arm (44) aniiegt und auf 
den Arm (44) eine Blegekraft ausubt, der sei- 
nerseits eine Radialkraft auf den Schrauben- 
kopf ubertrSgt, um eine Dreh- und 
Axialbewegung der Schraube (14. 104) zu ver- 20 
hindern. 

Revendications 

1. Systeme de plaques pour osteosynthese (10). 25 
comprenant : 

un 6l6ment plat rigide et ailong6 (12. 100) 
adapts pour ponter et immobiliser des os ou 
des segments d'os adjacents en ancrant 30 
ment formant plaque (12, 100) aux os en utili- 
sant une ou plusieurs vis a os (14. 104), 
r6l6ment (12, 100) ayant une premiere surface 
(18. 106) en contact avec I'os et une seconde 
suriace (36, 124) non en contact avec I'os ; 55 
une plurality de trous a vis (19, 20, 102) sensi- 
blement circulaires traversant l'616ment (12. 
100), chacun ayant des sieges sensiblement 
sph6riques et 6tant adapts pour loger des vis a 
OS (14. 104); 40 
une plurality de vis a os (14, 104), chacune 
ayant une extr^mit^ filet^e a I'oppos^ d'une 
t§te sensiblement sph^rique. chaque vis a os 
(14, 104) 6tant adapt^e pour s'ajuster k rint6- 
rieur d'un trou a vis (19. 20, 102) afin d'ancrer 45 
I'6l6ment (12, 100) a I'os ; 
des moyens de blocage (15) adjacents a un ou 
plusieurs trous a vis (19, 20, 102) pour fixer la 
vis k OS (14. 104) a I'^l^ment (12, 100) afin 
d'empecher le mouvement axial et rotatif des so 
vis a OS (14, 104) logees a Tint^rieur des trous 
k vis (19. 20, 102) et venant en prise avec I'os, 
caract6rise en ce que 

les moyens de blocage (15) sort d'un seul 
tenant avec r6l6ment formant plaque (12. 100) 55 
et ont une surface sup^rieure coplanaire avec 
la surface (36, 124) non en contact avec I'os de 
r§l6ment formant plaque (12. 100) ; et 



une plurality de saillies (26, 108) p§n6trant 
dans I'os est dispos^e sur la premiere surface 
(18, 106) de r6l6mert (12. 100). 

2. Systeme de plaques (10) selon la revendication 1. 
dans lequel r6l6ment (12. 100) est adapts pour §tre 
place sur les surfaces ant6rieures des vertebres de 
telle sorte que I'^lement (12, 100) reunit au moins 
deux vertebres adjacentes, r6I6ment (12, 100) 
s'6tendant du bord ant6rieur sup^rieur de la vert^- 
bre k souder la plus proche de la t§te au bord ant6- 
rieur inf^rieur de la vertebre a souder la plus 
6loign6e de la tete. 

3. Systeme de plaques (10) selon la revendication 2, 
dans lequel T^l^ment (12, 100) est adapts pour 
souder entre deux et cinq vertebres cervicales. 

4. Systeme de plaques (10) selon la revendication 1, 
dans lequel la premiere surface (18, 106) est incur- 
v6e k la fois dans les axes transversal et longitudi- 
nal pour former une surface concave en contact 
avec I'os. 

5. Systeme de plaques (10) selon la revendication 4, 
dans lequel la longueur de I'^l^ment formant pla- 
que (12. 100) le long de son axe longitudinal per- 
met d'obtenir un arc compris entre environ 7° et 25° 
sur un rayon de 203 mm (8,0 pouces). 

6. Systeme de plaques (10) selon la revendication 1, 
dans lequel les saillies (26, 1 08) penetrant dans I'os 
sont form§es par des structures discontinues, cha- 
cune s'6tendant transversalement a I'axe longitudi- 
nal de I'6l6ment(12, 100). 

7. Systeme de plaques (10) selon la revendication 6, 
dans lequel chaque structure possede une coupe 
transversale sensiblement triangulaire. 

8. Systeme de plaques (10) selon la revendication 7, 
dans lequel un bord coupant (29. 109) de chaque 
structure fait face a la ligne m^diane (32, 111) 
d'6paisseur d'axe de r6l6ment (12. 100). 

9. Systeme de plaques (10) selon la revendication 1, 
dans lequel les moyens de blocage (15) compren- 
nent une came (24) montee de maniere perma- 
nente dans T^l^ment (12, 100) adjacente a un ou 
plusieurs trous a vis (19. 20, 102), la came ayant 
une forme sensiblement ovoide et pouvant tourner 
pour venir en prise avec une surface d'une t§te de 
vis log^e dans un trou a vis (19, 20, 102) adjacent 
a la came (24) de telle sorte que le mouvement 
axial et rotatif de la vis (14. 104) est supprim6. 

10. Systeme de plaques (10) selon ia revendication 1. 
dans lequel les moyens de blocage (15. 35) com- 
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prennent : 

un bras pouvant etre d6f I6chi (44) formant une 
partie de siege de trou a vis. et 
une came (42) mont^e dans r6l6ment (12, 5 
100) adjacenle au bras pouvant etre d6fl6chi 
(44). la came (42) ayant une forme sensible- 
ment ovoTde et pouvant tourner de telle sorte 
que la came (42) vient en prise avec le bras 
(44) et exerce une force de deflexion sur le bras io 
(44) qui a son tour applique une force radiale k 
la tete de vis pour supprimer le mouvement 
rotatif et axial de la vis (14, 104). 
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FIG. 6 A 
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FIG. 8 
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FIG. 10 B 




FIG. 11 



16 



EP 0 599 640 B1 



I 

I 



120 




FIG. 12 



I 08 rl06 




\^'' l22-> 128 122 ^/JO ^122 ^/J2 

FIG, ISA 




130^ rl20 



i 



FIG. 13 B 




132 



m 




FIG. 14 



17 



EP 0 599 640 B1 





140 



FIG. 15 A 




FIG. 15 B 



18 



